Recently we used Dirac s constraint mechanics and supersymmetries to derive two coupled compatible 16-component Dirac equations that govern two relativistic spinning particles interacting through world scalar and vector potentials. They reduce exactly to four decoupled four-component 
I. INTRODUCTION In this paper we apply two-body Dirac equations, ' to systems of spinning quarks in mesons. First we review the equations (derived in a previous paper) beginning with the two compatible 16-component Dirac equations. We introduce covariant scalar and vector interactions (timelike and spacelike) and detail the spin dependence forced by the compatibility of our equations on these different covariant structures. We set out relations (im- plied by compatibility) of the various covariant interactions to an underlying set of three independent invariant interaction functions. As we showed in an earlier paper, these relations are generated by nonperturbative compatibility arguments in concert with the requirement that our equations display the correct nonrelativistic and 0 ( 1/c ) or semirelativistic limits. We end that section by restating our equations as four decoupled four-component Schrodinger-type forms suitable for applications.
In Sec. II we present the potential models that we tested using our equations. They include the log-log model for all length scales derived by Adler and Piran using effective-action methods as well as cruder phenomenological models such as Richardson's potential (here given both with and without Aavor-dependent vacuum corrections ). We find that, in our equations, the more physically detailed models lead to significant In the remaining sections of the paper we present both nohperturbative and perturbative arguments to support the validity of our equations and to explore structures that contribute to the goodness of the resulting fits to the meson spectrum (beyond the particular choice of an input heavy-quark potential).
An important feature of our equations is that they appear to be able to realize the effects of chiral symmetry. In Sec. IV we present the results of a numerical test that indicates that in the chiral-symmetry limit (zero-mass quarks) our equations reveal zero-mass pions (Goldstone bosons). Building on recent work of Sazdjian, we show 37 1982 1988 The American Physical Society how our equations achieve this effect (at least for scalar interactions ).
In Sec. V we show how our equations are related to the semirelativistic (weak-potential, slow-motion) FermiBreit approximation to the Bethe-Salpeter equation and to the Breit equation itself. These equations possess the correct semirelativistic limits as a consequence of the structure of classical and quantum relativistic constraint mechanics detailed in a previous paper. We then check that for equal-mass singlet positroniumlike systems the quasipotential reduces to a form that allows an exact solution. These connections to perturbative field theory argue for the validity of the relativistic quantum wave equations derived from the constraint approach and make them attractive for phenomenological application even though their connection to field theory is not as yet completely understood.
Why do we concentrate so heavily on verifying that our equations have the correct structure for electrodynamic calculations when we intend to apply them to quark-model calculations? What we learn from such studies is that the relativistic kinematical, dynamical, and spin structures of our equations allow us to start with a static form of a potential valid in the nonrelativistic limit, and with no additional assumptions derive standard relativistic corrections to the total energy operator. This makes it plausible that our equations might accurately refiect the (hyper)fine structure of QCD with an appropriate heavy-quark static potential as input.
In the final section of this paper we derive the Todorov inhomogeneous quasipotential corresponding to the constraint potential 4 of our equations, thereby linking our approach to quantum field theory via the Bethe-Salpeter equation.
II. COVARIANT " We mean that the axialvector current jr5 generated by our model is conserved. In field theory, this implies that the quark mass terms are mesons become lighter the potential develops progressively more energy dependence so that even at large separation the constraint potential differs significantly from its nonrelativistic limit. Figure 5 compares the different 4 's for the Q(3.097) and rl, (2.980) demonstrating the strong spin-spin dependence of 4 .
In summary, using our coupled Dirac equations, we have obtained overall fits to the meson masses (including the lightest meson, the pion) that are surprisingly good.
Their goodness is a consequence of both the structure of the phenomenological input potential and the way in which the covariant constraint formalism dictates the spin-dependent consequences of these potentials. In the next three sections we examine three important properties of the constraint formalism (two nonperturbative and one perturbative) that are responsible for the nature of its spin-dependent consequences. In order to see how our equations are structurally able to reQect the chiral-symmetry limit, we shall treat the scalar interaction using arguments similar to those presented by Sazdjian in his treatment of the pseudoscalar interaction. In order to connect field-theoretic matrix elements to the constraint formalism, Sazdjian assumed that the constraint quantum-mechanical wave function P and the field-theoretic wave function (0 I j"5(0)~m (P) ) =iP"F (P} .
thus the on-shell matrix element of its divergence is (0~8"j"(0)~m(P) ) = PF (P) =m -Q (61) and (65) in Sec. V of this paper] is not important for our purposes. For simplicity we shall assume that these two objects are the same (f=XFT). Reducing out the pion 
Thus, even in the presence of scalar interactions (which formally appear to explicitly break chiral symmetry) formal chiral invariance in the sense (0~8"j"s(0)~rr(P) ) =0 occurs provided that Mi (0) do not vanish in the zero-mass limit. In addition, Sazdjian s parametrization lacks a well-defined heavy-particle limit. 
In the c.m. frame these become 
We will determine N from field theory using both the (65) into (61) To proceed with the derivation of (58) (77) perturbatively with the use of (60).
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Note that U' '=7' ' y'"6 y'" 0 Hence,
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